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Introduction - Scientific Requirements 2

* Many earth science problems involve heterogeneous systems on length
scales ranging from 500um to 0.5um.

» The high brilliance of the APS undulater allows us to strongly focus the beam
while keep the divergence to levels acceptable to most of our measurements.

« Achromatic focusing needed to support spectroscopy, and multi wave length
scattering experiments.

« Techniques:
— Micro-crystal diffraction
* Ambient conditions mounted on tapered glass fiber
» DAC single crystals up to 20Gpa
— Surface Scattering
CTR
Reflectivity
— Surface Spectroscopy
— Micro-Probe
+ Elemental mapping
» Spectroscopy
+ Tomography
— Q-dependent inelastic scattering
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Recent Science - Inelastic ScatteringinDAC
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Recent Science - Inelastic ScatteringinDAC
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GeoSoilEnviroCARS Sector 13
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Dosign Philosophy -MirorDimensions

* Length

— Fraction of the beam intercepted

Percent Beam Intercepted by Mirror

over the desired energy range.
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 Thickness

— Maximal allowable figure error due
to gravitational sag.

— Maximal safe Bending stress
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«  White beam operation

— Limited to 100W with a power limiting aperture.

— For the modeling we used a foot print at Smrad of 1.5 mm wide by 180 mm long resulting
in a worst case power density of 0.4 W/mm2.
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‘Dosign Philosophy - Thermal Anaiyss - Thermal Transient and Displacement 1

 Thermal Transient « Thermal Displacement
— Mirror achieves 97% of the max — Determined by feeding the
Temperature in 2 sec thermal results into ANSYS
— Achieves steady state in approximately 18 structural package
sec
317‘“‘\””\””””HHHHHH““““““““7 3.5
r 1 O On Axis Cooling (26mm Below the Optical Surface)
30 B o o Q ] 3.0 Off Axis Cooling (15mm Below the Optical Surface)
O @) = L
[ 00 ® ]
29 - Q0 . i
I 00 ] 25 :
sl ] €
O H 1 " I
g o 5 20| 4
[ r 1 Q
527+ 7 s i
s | " ] z |
E | 5 & 15 .
F 26| . g |
i I ]
i 1.0 B
25 . - 1
a4l 0O . 05 ]
237Hw‘H‘m‘Hm‘H\H‘wH‘wHH\HH\HH\HH\HH 0.0"H“HH‘HH“H“HH‘HH‘HH‘HH ‘H

0 2 4 6 8 10 12 14 16 18 20

Time [sec]

0 50 100 150 200 250 300 350 400 450

Distance from Mirror Center [mm]

GeoSoilEnviroCARS . University of Chicago




[
~

0 E VT N T T 1T N T T 1T N T T 1T N T T 1T N T T 17T N T T 1T N T T 1T N T T 17T N T T 1T N T T 1T N TTT ]
C Ny Orr 4, 1
o TN i R 1« Slope Error
2 C \ \ e/OWOpf 74 8/077 i
: 2 ¥ Sttty ] — Over the beam foot print the
_ 4 - Qoo,q*.\ T~ = B slope error is the same
g L 6}7”77 s o "~ ] H H
S 6L o, Bs o ~ ] — Off axis cooling
= L e "%, N ~ ]
8 | NN ~— ] . R=14.8km
» -8 e, N N >  Slope Error = 0.9urad
: S : — On axis cooling
-10 C —— Slope - Thermal ]
© | — — Slope - BestFit Circle “ : + R=93km
12 } O Slope - Direct Ansys Output . - 5 . Slope Error = 0.9urad
= \ g
: ] * Thermal Stability
i —— Slope Error (off axis) RMS = 0.9urad j . .
3 t | — — Slope Error (on axis) RMS = 0.9urad 1 — For ring current starting at
o[ E 100ma and dropping to 50ma
T f ] with an initially corrected thermal
510 - E bump R and foot print x, the
UQJ 0F ] slope error would increase to:
8 -1 i Beam "Foot Print" j X
5 ? RMS' = —=—
2 3 43-R
3L E _
: ] — For the off axis case RMS’ =1.8urad
_4 kl 111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1111 l 1 11 lA _ . . . .
0 10 20 30 40 50 60 70 80 90 100 110 120 Resulting in a increase in focal

i !
Distance from Mirror Center [mm] Size by a factor of 4!

GeoSoilEnviroCARS . University of Chicago




Design Philosophy - Thermal Analysis — Thermal Stress 15

« The maximum thermal equivalent stress for off axis cooling is 1.57 MPa (228 psi)
well below the safe limit for Si of 100 psi.

ANSYS 5.2
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gsecars ID mirror at 100 ma, egquivalent stress (MPa)
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Dosign Phiosophy -DynamicFiguing

Once the length, thickness and cooling geometry are determined, the mirror
support and bender interface can be designed.
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‘Dosign Philosophy - Dynamic Figuring - Mochanical Equivalont Sress

« A simple expression for the maximum contact pressure of the
bending rod is:

M Y-¢

P: =
d-Area 12-R-d-g

« For our mirror dimensions we find assuming a contact angle
of 60deg at maximum curvature (R = 1.8 km) the maximum:
— contact force is 200 Ib
— pressure 239 psi
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‘Dosign Philosophy - Dynamic Figuring - Mochanical Equivalont Sress

« Performing ANSYS modeling we find:

— Maximum equivalent stress to be 3.8 MPa (544 psi) just below the inner bending hole
contact point.

— The stress then drops to 2.9 Mpa (424 psi) on the back surface near the bending hole.

AUSYS 5.2
HOV 25 1996
14:04:14
PLOT 10O. 2
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gsecars ID mirror bender, equivalent stress (MPa)
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‘Dosign Philsophy - Dynamic Fguring - Longitudina Bonding) Sress

» The longitudinal stress of the bent mirror can estimated using the analytical
expression:

c c .
M3 _Y3 Yielding in our case: O geing = 292psi =2MPa

O-Bending = I R

« The analytical result is in good agreement with ANSYS model below resulting in
a maximum longitudinal stress component of 2.2MPa

AHSYS 5.2
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stress anslysis of gsecars ID mirror bender, longitudinal stress (MPa)
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“Dosign Philosophy -Dynamic Fguring ~Endefects
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‘Dosign Philosophy - Polishing Apertursforand Coatings Arangomentc
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‘Bondor Design - Auto Collmator Testof iror Bonder
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Performance — CCD Image
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The image was produce
by focusing the beam
onto a thin YAG single
crystal producing visible
light that is imaged with
a 20X objective coupled
to 1k x 1k cooled CCD
camera.

The effective resolution
is about 3 um.
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Portormanco - Kife EdgoSeans o
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